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Metal nanoclusters with sizes consisting of tens to hundreds of atoms is a special 
class of materials. Nanoclusters are unique because they can be expressed in clear 
molecular formulas. Their ultra-small size (metal core diameter from sub-nanometer 
to 2-3nm) places them between small molecules (for example, metal-ligand 
complexes) and plasma metal nanoparticles. With the help of X-ray single crystal 
diffraction technique, the atom-precise single crystal structure can be obtained. In the 
thesis, a series of silver or rich silver bimetallic nanoclusters with different sizes were 
successfully synthesized by using 1-adamantanethiolate as a surface-protecting ligand 
and characterized by X-ray single crystal diffraction. At the same time, we also 
studied the optical properties, surface reaction properties and bioapplication. The 
main results and findings of this thesis are summarized as follows: 
1. Rigid bulky thiolate-protected silver nanoclusters: 
(a) A heavily twinned metal nanoparticle containing 141 silver atoms, 
[Ag141Br12(S-Adm)40]
3+
, was successfully synthesized by using bulky 
1-adamantanethiolate. The nanoparticle can be structurally described as a 
multiple-twinned Ag71 short nanorod core terminated by an Ag-SR/Br complex shell. 
Compared to previously reported thiolate-stabilized noble metal nanoclusters, first, 
the Ag71 core has twenty tetrahedral crystalline domains, while it adopts a non-perfect 
spherical geometry but not an icosahedron, serving as an excellent structure model to 
visualize the multiple-twinned nanostructured of face-center cubic metals at the 
molecular level. Second, a low surface coverage of thiolates is associated with the 
multiple-twinned feature of the core, suggesting the importance of surface ligands in 
controlling the shape of metal nanocrystals. More importantly, the low surface 
coverage of thiolates gives rise to high surface reactivity toward ligand exchange, 
thereby creating excellent water solubility and biocompatibility nanoclusters. The use 
of bulkly ligands contributes heavily-twinned metal nanoparticles with high surface 
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